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Background  of  the  invention 
This  invention  relates  to  continuously  vari- 

able  transmissions  and  more  particularly,  it  con- 
cerns  an  adjustable  counterbalancing  system 
for  such  transmissions  in  which  torque  is  trans- 
mitted  by  friction  to  or  from  a  body  exhibiting 
inertial  forces  which  vary  with  the  speed  ratio  at 
which  power  is  transmitted. 

In  commonly-assigned  U S - E - 2 9 , 3 2 8   and 
US-A-4 ,152 ,946 ,   several  embodiments  of 
continuously  variable,  mechanical  power  trans- 
missions  are  disclosed  in  which  three  frame 
supported  working  bodies  operate  to  transmit  a 
mechanical  power  input  to  a  rotatable  output  at 
infinitely  variable  output/input  speed  ratios 
within  the  design  range  of  the  transmission.  For 
purposes  of  definition  in  this  background 
discussion  as  well  as  in  the  ensuing  detailed 
description  of  the  present  invention  and  in  the 
appended  claims,  the  three  working  bodies  may 
be  termed,  respectively,  an  "alpha  body"  which 
is  supported  by  the  transmission  frame  to  be 
concentric  with  a  first  axis,  a  "beta  body"  which 
is  supported  by  the  alpha  body  to  be  concentric 
with  a  second  axis  inclined  with  respect  to  and 
intersecting  the  first  axis  at  a  point  of  axes  inter- 
section,  and  an  "omega  body"  carried  by  the 
frame  to  be  concentric  also  with  the  first  axis. 
Although  any one  of  these  three  bodies  may  be 
rotatable  on  the  respective  axes  with  which 
they  are  concentric,  one  of  the  three  is  held 
against  rotation  to  provide  a  reaction  torque 
whereas  the  other  two  bodies  are  rotatable  and 
coupled  either  directly  or  by  gearing  to  the 
respective  input  and  output  shafting  of  the 
transmission. 

'It  is  to  be  noted  that  the  terms  "alpha  body", 
"beta  body"  and  "omega  body"  are  completely 
arbitrary  and  as  such,  do  not  restrict  the  compo- 
nents  designated  thereby  either  to  the  class  of 
transmission  represented  by  the  disclosure  of 
the  aforementioned  application  or  to  specific 
structure  to  be  described  hereinafter.  The  terms 
will,  however,  lend  consistency  of  definition  in 
the  description  to  follow  and  facilitate  an  under- 
standing  of  various  speed  relationships  to  be 
expressed  by  algebraic  equations. 

The  continuously  variable  speed  ratio  capa- 
bility  of  such  transmissions  is  achieved  by  pro- 
viding  one  of  the  beta  and  omega  bodies  with  a 
pair  of  rolling  or  traction  surfaces  which  are  of 
revolution  about  the  concentric  body  axis  and 
which  are  of  variable  radii  along  that  axis  in 
symmetry  with  the  point  of  first  and  second 
axes  intersection.  Physically,  such  rolling 
surfaces  will  thus  provide  the  one  body  with  a 
biconical-like  configuration.  The  other  of  the 
beta  and  omega  bodies  is  provided  with  a  pair 
of  rolling  or  traction  surfaces  which  are  also  of 
revolution  about  the  concentric  body  axis  but 
which  are  of  relatively  constant  radius.  The 
pairs  of  rolling  surfaces  on  the  beta  and  omega 
bodies  are  retained  in  frictional  engagement 

with  each  other  at  two  contact  points  or  zones 
capable  of  positional  adjustment  to  vary  the 
ratio  of  the  beta  body  surface  radius  (Rb)  to  the 
omega  body  surface  radius  (Rw).  Thus,  if  the 
alpha  body  is  rotatable  at  a  velocity  (&)  about 
the  first  axis,  the  rotational  speed  of  the  beta 
body  about  the  second  axis  in  a  fixed  frame  of 
reference  is  (ft)  and  the  rotational  speed  of  the 
omega  body  on  the  first  axis  is  (ω)  then  the 
respective  speeds  of  the  three  bodies  are  rela- 
ted  by  the  following  equation: 

Because  one  of  either  the  beta  or  the  omega 
body  extends  within  the  other  of  such  bodies, 
the  radius  ratio  Rb  /RW  may  represent  a  value  of 
either  less  than  1  (where  Rb  is  always  less  than 
R)  or  more  than  1  (where  Rb  is  always  greater 
than  Rw).  The  function p  will  be  used  herein- 
after  to  designate  either  Rb  /Rw  or  the  recipro- 
cal  Rw/Rb,  whichever  is  greater  than  1,  it  being 
understood  that p  or  its  reciprocal  I/p  are  used 
appropriately. 

In  several  of  the  transmission  embodiments 
disclosed  in  the  aforementioned  U.S.  patents, 
the  normal  force  by  which  the  rolling  surfaces 
on  the  respective  beta  and  omega  bodies  are 
retained  in  frictional  contact  is  developed  solely 
by  an  inertial  couple  tending  to  tilt  the  beta 
body  into  the  omega  body.  In  other  embodi- 
ments,  this  normal  force  is  developed  mechani- 
cally  such  as  by  forcibly  separating  a  pair  of 
oppositely  convergent  conical  members 
constituting  the  biconical  beta  or  omega  body, 
preferably  under  a  force  proportional  to  output 
torque.  In  these  latter  embodiments,  the  same 
inertial  couple  is  deployed  to  oppose  a  rocking 
couple  resulting  from  the  mechanically 
developed  normal  force  so  that  the  loading  on 
bearings  due  to  the  rocking  couple  is  reduced  or 
offset  by  the  inertial  couple. 

The  magnitude  of  the  inertial  couple  in  a 
given  transmission  design  may  be  determined 
by  the  equation: 

In  this  equation,  CI  is  the  inertial  couple,  11  is  the 
moment  of  inertia  of  the  beta  body  relative  to 
the  second  axis,  13  is  the  moment  of  inertia  of 
the  beta  body  relative  to  an  axis  perpendicular 
to  the  second  axis  at  the  point  of  axes  intersec- 
tion  and  a  is  the  angle  at  which  the  first  and 
second  axes  intersect.  The  remaining  functions 
in  equation  (2)  are  the  same  as  those  used  in 
equation  (1). 

If  it  is  assumed  that  the  transmission  is 
operated  at  a  constant  input  speed  å  and  that  in 
the  transmission,  the  angle  a  is  fixed,  then  the 
first  bracketed  function  on  the right  side  of  equa- 
tion  (2)  is  constant.  As  such,  that  portion  of  the 
inertial  couple  attributed  to  this  function  may  be 
precisely  counterbalanced  by  an  appropriate 



fixed  distribution  of  mass  in  the  alpha  body. 
Also,  the  second  bracketed  function  in  equa- 
tion  (2)  may  be  constant  in  transmission 
designs  in  which  the  beta  body  is  retained 
against  rotation  on  the  second  axis  so  that /3=0. 
Such  transmission  designs  are  disclosed  in  U.S. 
Patent  No. 4,152,946  and  operate  to  transmit 
power  from  the  alpha  body  to  the  omega  body, 
the  latter  being  the  output  of  the  transmission 
and  variable  in  accordance with  the  equation: 

A  generally  preferred  mode  of  operating  such 
transmissions  has  been  to  apply  an  input  torque 
to  the  alpha  body  to  carry  the  beta  body  in  nuta- 
tion  and  hold  the  omega  body  against  rotation 
(ω=0).  The  beta  body  is  linked  with  an  output 
shaft  rotatable  on  the  first  axis  by  gearing 
having  a  ratio  factor  (k)  which  theoretically  may 
be  of  any  value  and  also  may  be  made  either 
positive  or  negative  depending  on  the  particular 
gearing  arrangement  used.  In  light  of  the  fore- 
going,  where  i s   unit  output  speed  and  taking 
into  account  the  gearing  ratio  (k),  the 
output/input  speed  ratio  of  the  unit  is  deter- 
mined  by  an  equation: 

A  principal  advantage  of  operating  in  the 
mode  represented  by  equation  (4)  is  that  the 
physical  parameters  of  such  I.V.  transmissions 
readily  accommodate  a  range  of  values  for  the 
function  (kp)  which  permit  a  continuously  vari- 
able  output/input  speed  ratio  range  of  from  zero 
to  1  (1.0<kp<2.0).  Also,  this  range  may  be 
shifted  to  include  an  output  reversal  through 
zero  merely  by  selecting  a  gear  ratio  (k)  so  that 
the  function  (kp)  brackets  a  numerical  value  of  1 
(e.g.,  1.5>kp>0.7). 

In  transmissions  which  operate  to  vary  speed 
ratios  in  accordance  with  equation  (4),  the 
second  bracketed  function  on  the  right  side  of 
equation  (2)  will  vary  with  the  speed fl  at  which 
the  beta  body  rotates  about  the  second  axis  in  a 
fixed  frame  of  reference  and  as  determined  by 
the  variable  factor  p.  Since  the  factors fl  and  p 
are  determinative  of  transmission  output  speed, 
a  fixed  counterweight  system  is,  therefore, 
effective  to  balance  that  portion  of  the  inertial 
couple  represented  by  the  second  function  to 
the  right  of  equation  (2)  at  only  one  output 
speed. 

The  result  of  any  imbalance  between  the  iner- 
tial  couple  developed  in  the  beta  body  and  a 
counterbalancing  couple  developed  by  fixed 
counterweights  on  the  alpha  body  is  a  net  nuta- 
tional  couple  which  behaves  physically  in  a 
manner  resembling  a  pair  of  axially  spaced, 
rotatable  weights  displaced  eccentrically  from 
the  rotational  axis  thereof  at  an  angle  of  180°. 
Such  a  net  nutational  couple  is  a  source  of 
vibration  particularly  at  high  output  speeds. 

The  vibration  resulting  from  the  afore- 

mentioned  net  nutational  couple  has  been 
reduced  heretofore  by  appropriate  fixed 
counterweight  designs  so  that  the  vibration  can 
be  tolerated  in  many  applications  where  the 
transmission  is  capable  of  being  supported  in  a 
manner  to  damp  the  vibrations  or  where  output 
speeds  are  relatively  low.  In  many  applications 
where  the  advantages  of  operation  to  vary 
speed  ratio  in  accordance  with  equation  (4)  are 
desirably  combined  with  reduced  or  no  vibra- 
tion,  further  provision  for  counterbalancing 
must  be  made. 

Summary  of  the  invention 
A  principle  object  of  the  present  invention  is 

the  reduction  of  vibration  in  continuously  vari- 
able  transmissions  of  the  type  mentioned. 

This  object  is  solved  within  a  continuously 
variable  transmission  unit  according  to  the  pre- 
amble  of  claim  1  by  the  features  of  the  charac- 
terizing  part  of  claim  1.  Advantageous 
embodiments  of  the  invention  are  mentioned  in 
claims  2  to  5. 

In  accordance  with  the  present  invention, 
the  nutational  couple  resulting  from  the 
combined  nutating  movement  and  variable 
speed  rotation  of  the  beta  body  in  the  afore- 
mentioned  class  of  continuously  variable  trans- 
missions  is  substantially  counterbalanced  for  all 
transmission  speed  ratios  by  a  movable 
counterweight  system  positioned  directly  by  the 
mechanism  which  adjusts  the  transmission 
speed  ratios.  Thus,  where  the  omega  body  of 
the  transmission  is  constituted  by  a  pair  of 
rings  circumscribing  the  alpha  and  beta  bodies, 
the  movable  counterweights  are  carried  slidably 
in  undercut  guideways  extending  along  the 
alpha  body  and  connected  directly  to  the  omega 
rings.  By  proper  selection  of  movable  counter- 
weight  mass  and  position  relative  to  the  omega 
rings,  the  couple  resulting  from  centrifugal  force 
acting  on  a  combination  of  fixed  and  movable 
counterweights  rotatable  directly  with  the  alpha 
body  will  oppose  with  substantial  equality  the 
nutational  couple  of  the  beta  body  at  all  speeds. 

Other  objects  and  further  scope  of  applic- 
ability  of  the  present  invention  will  become 
apparent  from  the  detailed  description  to  follow 
taken  in  conjunction  with  the  accompanying 
drawings  in  which  like  parts  are  designated  by 
like  reference  numerals. 

Brief  description  of  the  drawings 
Figure  1  is  a  longitudinal  cross-section 

through  a  continuously  variable  transmission 
unit  incorporating  the  counterbalancing  system 
of  the  present  invention; 

Figure  2  is  an  enlarged  fragmentary  cross- 
section  on  line  2 - 2   of  Figure  1; 

Figure  3  is  a  schematic  cross-section  in 
which  the  various  major  couples  developed 
during  operation  of  the  transmission  are  super- 
imposed  on  outlines  of  parts  illustrated  in  Figure 
1;  and 

Figure  4  is  a  graph  in  which  curves  repre- 



senting  inertial  and  counterbalancing  couples 
are  superimposed  on  one  another. 

Detailed  description  of  the  preferred 
embodiment 

In  Figure  1  of  the  drawings,  a  continuously 
variable  transmission  unit  is  shown  to  include  a 
frame  10,  a  rotatable  input  shaft  12  and  a  rotat- 
able  output  shaft  14.  The  input  shaft  12  is 
formed  as  an  integral  extension  of  an  alpha 
body  generally  designated  by  the  reference 
numeral  16  and  supported  by  the  frame  10 
through  bearings  18  and  20  for  rotation  about  a 
primary  or  first  transmission  axis  22.  Although 
the  alpha  body  16  will  be  described  in  more 
detail  below,  it  may  be  noted  at  this  point  that 
the  alpha  body  16  includes  bearings  24  and  26 
for  rotatably  carrying  a  beta  body  28  on  a 
second  axis  30  intersecting  the  first  axis  22  at  a 
point  S  of  axes  intersection  and  at  an  angle  a. 

The  construction  of  the  beta  body  28  is  des- 
cribed  in  detail  in  W O - A - 8 0 1 0 2 4 4 9   (pub- 
lished  13.07.1980)  and  W O - A - 8 1 / 0 0 9 0 1  
(published  02.04.1981).  It  will  suffice  for  pur- 
poses  of  a  complete  understanding  of  the 
present  invention,  however,  to  note  that  the 
beta  body  28  in  the  illustrated  embodiment  is  a 
biconical  body  comprised  of  a  pair  of  cone 
members  32  and  34  defining  two  beta  rolling 
surfaces  35  of  revolution  about  the  second  axis 
30  and  connected  for  relative  rotation  and  axial 
sliding  movement  at  their  base  ends  by  tele- 
scopic  sleeve  portions  36  and  38,  respectively. 
A  pilot  cone  40  is  rigidly  secured,  such  as  by 
welding,  to  the  cone  member  34  and  extends  at 
its  small  end  to  a  cam  assembly  42  which  func- 
tions  to  develop  an  axial  separating  force  on  the 
cone  members  in  response  to  a  torque  differen- 
tial  between  the  cone  members. 

The  assembly  of  the  alpha  body  16  and  the 
beta  body  28  is  circumscribed  by  a  pair  of 
omega  rings  44  and  46  rigidly  secured  in 
annular  carriages  48  and  50  which  are  slidable 
relative  to  the  frame  10  but  secured  against 
rotation  with  respect  to  the  frame  by  guide  lugs 
52  engaging  in  a  longitudinal  slot  54.  In  the 
context  of  terms  used  above  to  characterize  the 

general  class  of  transmission  represented  by 
the  illustrated  embodiment,  the  omega  rings  44 
and  46  together  with  the  frame  10,  being  rotat- 
ably  coupled,  constitute  an  omega  body  having 
omega  rolling  surfaces  47  of  revolution  about 
the  first  axis  22. 

The  omega  rings  44  and  46  are  concentric 
with  the  first  axis  22  and  movable  along  that 
axis  toward  and  away  from  each  other  by  rota- 
tion  of  one  or  more  double  pitched  screws  56 
threadably  received  in  the  annular  carriages  48 
and  50.  The  screws  56  are  rotated  by  an  exter- 
nal  control  (not  shown)  through  gears  58  and 
60  rotatably  supported  by  the  frame  10.  A 
coupling  gear  62  which  is  rotatable  with 
respect  to  the  frame  10,  is  driven  by  the  gear 
60  and  operative  to  synchronize  the  rotation  of 
one  or  more  additional  double  pitched  screw  56 

positioned  about  the  inner  periphery  of  the 
frame  10. 

The  output  shaft  14  is  supported  by  bear- 
ings  64  and  66  for  rotation  on  the  first  axis  22 
relative  to  the  alpha  body  16  and  the  frame  10, 
respectively.  The  shaft  14  is  coupled  integrally 
with  a  ring  gear  68  in  mesh  with  a  pinion  gear 
70  coupled  nonrotatably  to  the  beta  body  28.  In 
the  particular  embodiment  illustrated,  the 
pinion  gear  70  is  an  integral  extension  of  the 
cone  member  34.  Also  and  as  disclosed  more 
fully  in  the  aforementioned  international 
applications,  the  connection  of  the  cone 
member  32  with  the  pinion  gear  70  through  the 
ramp  assembly  42,  the  pilot  cone  40  and  the 
cone  member  34  operate  upon  the  occurrence 
of  a  load  developed  torque  differential  between 
the  cone  members  32  and  34  to  forcibly 
separate  the  cone  members  30  and  32  and 
generate  a  normal  force  by  which  the  exterior 
conical  or  beta  surfaces  35  on  the  cone 
members  32  and  34  are  forced  against  the 
internal  omega  surfaces  47  on  the  omega  rings 
44  and  46  at  two  diametrically  opposite  points 
of  contact  P1  a n d   P2  in  proportion  to  the  torque 
load  imposed  on  the  pinion  gear  70. 

In  the  operation  of  the  illustrated  transmis- 
sion  embodiment,  the  input  shaft  12  drives  the 
alpha  body  16  in  rotation  about  the  first  axis  22 
and  carries  the  beta  body  28  in  nutation  such 
that  the  second  axis  30  travels  in  a  biconical 
path  about  the  first  axis  22.  This  motion  of  the 
beta  body  28  causes  the  drive  pinion  70  to  orbit 
or  travel  in  planetary  fashion  about  the  first  axis 
22.  The  frictional  engagement  of  the  beta  sur- 
faces  35  on  the  cone  members  32  and  34  with 
the  omega  surfaces  47  on  the  rings  44  and  46 
causes  the  beta  body  28  to  be  rotated  on  the 
axis  30  at  variable  speeds  depending  on  the 
axial  location  of  the  omega  rings  relative  to  the 
point  S.  Thus,  if  the  ratio  of  the  radius  of  omega 
surfaces  47  to  the  radius  of  the  beta  surfaces 
35  at  the  two  points  of  contact  between  these 
surfaces  is  p  and  the  diametric  ratio  of  the  drive 
pinion  70  to  the  ring  gear  68  is  k,  the  output 
shaft  14  may  be  driven  at  continuously  vari- 
able  speeds  relative  to  the  speed  of  input  shaft 
rotation  in  accordance  with  equation  (4)  given 
above. 

The  structure  of  the  alpha  body  16  is  in 
major  part  a  solid  cylindrical  turning  truncated 
by  frusto-conical  cavities  72  and  74  to  receive 
the  cone  members  32  and  34.  As  a  result  of  this 
structure,  the  distribution  of  mass  in  the  alpha 
body  16  is  concentrated  in  two  axially  spaced, 
diametrically  opposite  sections  76  and  78. 
These  sections,  in  themselves,  represent  a  pair 
of  fixed  counterweights  and  are  effective  as 
such  in  a  manner  to  be  described  in  more  detail 
below. 

In  accordance  with  the  present  invention,  the 
peripheral  portion  of  the  alpha  body  sections  76 
and  78  opposite  from  the  cavities  72  and  74 
are  formed  with  undercut  grooves  80  and  82 
extending  along  the  half-length  of  the  body  in 



parallel  relationship  to  the  first  axis  22.  As 
shown  in  Figure  2,  the  grooves  80  and  82 
receive  tenon-like  carriage  portions  84  and  86 
integral  with  movable  counterweights  88  and 
90.  The  counterweights  88,  90  are  shaped  to 
provide  an  arcuate  groove  92  generally 
complementing  the  cross-sectional  configura- 
tion  of  the  omega  rings  44  and  46.  Thus,  and  as 
shown  in  Figure  1,  the  counterweights  88  and 
90  will  be  carried  axially  along  the  grooves  80 
and  82  directly  by  movement  of  the  omega 
rings  44  and  46  with  the  carriages  48  and  50 
under  the  control  of  the  double  pitched  screw 
threads  56.  By  proper  dimensioning  of  the 
grooves  92  relative  to  the  rings  44  and  46, 
rotation  of  the  alpha  body  16  and  of  the 
counterweights  88  and  90  relative  to  the  rings 
will  be  unimpeded.  Also  it  will  be  noted  that  like 
the  alpha  body  sections  76  and  78,  the  mov- 
able  counterweights  88  and  90  are  positioned 
to  be  diametrically  opposite  from  the  points  of 
contact  P1  and  P2  though  variably  so  posi- 
tioned  as  a  result  of  axial  movement  along  the 
grooves  80  and  82. 

The  inertial  forces  acting  on  the  alpha  body 
16,  the  beta  body  28  and  the  movable  counter- 
weights  88  and  90  may  be  understood  by  refer- 
ence  to  Figure  3  of  the  drawings.  In  particular, 
these  inertial  forces  are  represented  by  three 
couples  acting  about  an  axis  through  the  point 
S  and  perpendicular  to  a  plane  containing  both 
the  first  and  second  axes  22  and  30;  namely,  a 
beta  body  couple  FB-FB  which  is  the  couple  CI 
in  equation  (2)  given  above,  a  fixed  counter- 
weight  couple  FA-FA,  and  a  movable  counter- 
weight  couple  Fc-Fc.  The  fixed  and  movable 
counterweight  couples  act  in  the  same  direc- 
tion  which  is  opposite  to  the  direction  of  the 
beta  body  couple  FB-FB. 

As  explained  above  with  respect  to  equation 
(2)  when  the  alpha  body  16  is  driven  at  a 
constant  input  speed  and  because  the  angle  a  
subtending  the  axes  22  and  30  is  fixed,  the  first 
bracketed  function  to  the  right  of  equation  (2)  is 
constant.  Thus,  that  portion  of  the  beta  body 
couple  FB-FB  attributable  to  the  first  bracketed 
function  may  be  counterbalanced  effectively  by 
the  fixed  distribution  of  mass  in  the  alpha  body 
16  contributing  to  the  couple  FA-FA,  The 
second  bracketed  function  in  equation  (2)  is 
variable  with  the  speed  A  or  the  rotational  velo- 
city  of  the  beta  body  28  about  the  axis  30  in  a 
fixed  frame  of  reference.  The  speed  A,  in  turn,  is 
variable  with  the  axial  positioning  of  the  omega 
rings  44  and  46  along  the  axis  22  in  symmetry 
with  the  point  S.  Because  of  the  connection  of 
the  movable  counterweights  88  and  90  directly 
with  the  omega  rings  44  and  46,  the  arm  of  the 
movable  counterweight  couple  Fc-Fc  will  vary 
directly  with  the  positioning  of  the  omega  rings 
and  substantially  directly  with  the  velocity 
component  β. 

In  Figure  4,  variations  in  the  magnitude  of 
the  combined  couples  FA-FA  and  FC-FC  are 
plotted  against  variations  in  the  spacing  of  the 

omega  rings  44  and  46  from  the  point  S  of 
intersection  and  represented  by  the  dashed  line 
95.  The  variation  in  the  magnitude  of  the  beta 
body  couple  FB-FB  for  a  variation  in  the  velo- 
city  component /3  as  determined  by  the  same 
variation  in  ring  position  are  represented  by  the 
solid  curved  line  97.  The  combined  fixed  and 
movable  counterweight  couple  is  variable 
linearly  whereas  the  inertial  beta  body  couple  is 
variable  nonlinearly  or  on  the  curve  97.  There- 
fore,  complete  or  total  counterbalancing  is  not 
attained  except  at  two  positions  of  the  omega 
rings  where  the  lines  95  and  97  intersect.  The 
two  variables,  however,  are  substantially  coin- 
cident  and  have  the  effect  of  reducing  a  vibra- 
tion  causing  net  nutational  couple  by  an  order 
of  magnitude  over  that  possible  by  a  fixed 
counterweight  system  alone.  This  substantial 
reduction  in  the  net  nutational  couple  is,  more- 
over,  accomplished  by  an  extremely  simple 
structure  organization. 

Thus,  it  will  be  appreciated  that  as  a  result  of 
the  present  invention,  a  highly  improved 
counterbalancing  system  is  provided  for 
continuously  variable  transmissions  of  the  type 
mentioned  and  by  which  the  objectives  of  the 
invention  are  fulfilled. 

1.  A  continuously  variable  transmission  unit 
including  an  alpha  body  (16)  rotatable  on  a  first 
axis  (22)  and  drivably  connected  with  a  unit 
input  (12),  a  beta  body  (28)  having  a  pair  of 
beta  rolling  surfaces  (35)  of  revolution  about  a 
second  axis  (30),  said  beta  body  being  carried 
by  said  alpha  body  so  that  said  second  axis  is 
inclined  with  respect  to  and  intersecting  said 
first  axis  at  a  point  (S)  of  axes  intersection,  said 
beta  body  being  rotatable  on  said  second  axis, 
and  an  omega  body  (44,  46),  defining  a  pair  of 
omega  rolling  surfaces  (47)  of  revolution  about 
said  first  axis,  one  of  said  beta  and  omega 
rolling  surfaces  being  of  variable  radii  whereas 
the  other  of  said  rolling  surfaces  is  of  relatively 
constant  radius,  said  rolling  surfaces  being  in 
frictional  engagement  with  each  other  at  two 
diametrically  opposite  contact  points  (P1,  P2) 
located  on  opposite  sides  of  said  point  of  axes 
intersection,  means  (56)  for  adjusting  the  posi- 
tion  of  said  contact  points  to  vary  the  ratio  of 
said  rolling  surface  radii  and  the  speed  at  which 
said  beta  body  rotates  about  said  second  axis, 
and  a  pair  of  counterweights  (88,  90)  suppor- 
ted  by  said  alpha  body  to  be  positioned  dia- 
metrically  opposite  from  said  points  of  contact, 
characterized  in  that  said  counterweights  are 
movably  supported,  and  in  that  means  (92;  80, 
82,  84,  86)  are  provided  for  adjusting  the  posi- 
tion  of  said  counterweights  in  accordance  with 
variations  in  the  rotational  speed  (A)  of  said  beta 
body  about  said  second  axis  in  a  fixed  frame  of 
reference  and  for  any  given  input  speed. 

2.  The  unit  recited  in  claim  1,  characterized 
in  that  said  omega  rolling  surfaces  (47)  are  ring 



surfaces  of  a  fixed  radius  and  movable  axially 
toward  and  away  from  each  other  and  in  that 
said  means  for  adjusting  the  position  of  said 
counterweights  (88,  90)  comprises  means  (92; 
80,  82,  84,  86)  coupling  said  counterweights 
for  direct  axial  movement  with  said  omega  ring 
bodies  (44,  46)  while  permitting  rotation  of  said 
counterweights  with  said  alpha  body  (16)  and 
relative  to  said  omega  ring  bodies. 

3.  The  unit  recited  in  claim  1,  characterized 
in  that  said  beta  body  (28)  develops  an  inertial 
couple  about  a  third  axis  intersecting  said  point 
(S)  of  axes  intersection  and  perpendicular  to  a 
plane  containing  said  first  and  second  axes  (22, 
30),  said  inertial  couple  being  variable  with  the 
speed  (ft)  of  rotation  of  said  beta  body  about 
said  second  axis  in  a  fixed  frame  of  reference, 
and  in  that  said  counterweights  (88,  90) 
develop  a  balancing  couple  opposite  to  said 
inertial  couple  and  variable  substantially  in 
proportion  with  variations  in  said  inertial  couple. 

4.  The  unit  recited  in  claim  1,  characterized 
in  that  said  alpha  body  (16)  comprises  means 
defining  a  fixed  pair  of  mass  concentrations  (76, 
78)  diametrically  opposite  from  said  pair  of  con- 
tact  points  (P1,  P2),  in  that  said  beta  body  (28) 
develops  an  inertial  couple  about  a  third  axis 
intersecting  said  point  (S)  of  axes  intersection 
and  perpendicular  to  a  plane  containing  said 
first  and  second  axes  (22, 30),  the  magnitude  of 
said  inertial  couple  being  a  composite  of  con- 
stant  and  variable  functions,  the  portion  of  said 
inertial  couple  resulting  from  said  constant 
function  being  opposed  by  a  first  balancing 
couple  developed  by  said  pair  of  mass 
concentrations  in  said  alpha  body  and  the 
remaining  portion  of  said  inertial  couple  result- 
ing  from  said  variable  function  being  opposed 
by  a  second  balancing  couple  developed  by  said 
movable  counterweights  (88,  90). 

5.  The  unit  recited  in  claim  1,  characterized 
in  that  said  counterweights  (88,  90)  are  suppor- 
ted  by  said  alpha  body  (16)  for  movement  along 
linear  paths  of  movement  parallel  to  said  first 
axis  (22). 

1.  Stufenlos  verstellbares  Getriebe  mit  einem 
Alpha-Körper  (16),  der  um  eine  erste  Achse 
(22)  drehbar  ist  und  mit  einer  Eingangseinheit 
(12)  verbunden  ist,  einem  Beta-Körper  (28)  mit 
einem  Paar  von  Beta-Drehrollbahnen  (35)  um 
eine  zweite  Achse  (30),  wobei  der  Beta-Körper 
vom  Alpha-Körper  derart  getragen  wird,  daß  die 
zweite  Achse  im  Verhältnis  zur  ersten  Achse 
geneigt  ist  und  die  erste  Achse  in  einem 
Achsenschnittpunkt  (S)  schneidet,  und  der 
Beta-Körper  um  die  zweite  Achse  drehbar  ist, 
und  einem  Omega-Körper  (44,  46),  welcher  ein 
Paar  von  Omega-Drehrollbahnen  (47)  um  die 
erste  Achse  bestimmt,  wobei  eine  der  Beta-  und 
Omega-Rollbahnen  veränderliche  Radien  auf- 
weist  und  die  andere  dieser  Rollbahnen  einen 
relativ  konstanten  Radius  hat  und  die  Roll- 

bahnenn  in  Reibeingriff  miteinander  an  zwei 
diametral  entgegengesetzten  Berührungs- 
punkten  (P1,  P2)  auf  gegenüberliegenden 
Seiten  des  Achsenschnittpunktes  stehen,  mit 
einer  Einrichtung  (56)  zur  Einstellung  der  Posi- 
tion  der  Berührungspunkte,  um  das  Verhältnis 
der  Radien  der  Rollbahnen  und  die  Drehzahl, 
mit  welcher  sich  der  Beta-Körper  um  die  zweite 
Achse  dreht,  zu  verändern,  und  mit  einem  Paar 
von  Ausgleichsgewichten  (88,  90),  die  vom 
Alpha-Körper  getragen  werden,  um  diametral 
entgegengesetzt  den  Berührungspunkten  posi- 
tioniert  zu  werden,  dadurch  gekennzeichnet, 
daß  die  Ausgleichsgewichte  beweglich  gela- 
gert  sind,  und  daß  Einrichtungen  (92;  80,  82, 
84,  86)  vorgesehen  sind  zur  Einstellung  der 
Position  der  Ausgleichsgewichte  entsprechend 
den  Veränderungen  der  Drehzahl  (ß)  des  Beta- 
Körpers  (28)  um  die  zweite  Achse  in  einem 
festen  Bezugssystem  und  für  jede  gegebene 
Eingangsdrehzahl. 

2.  Getriebe  nach  Anspruch  1,  dadurch 
gekennzeichnet,  daß  die  Omega-Rollbahnen 
(47)  Ringbahnen  mit  einem  festen  Radius  und 
axial  aufeinander  zu  und  voneinander  weg 
bewegbar  sind  und  daß  die  Einrichtungen  zur 
Einstellung  der  Positionen  der  Ausgleichs- 
gewichte  (88,  90)  eine  Einrichtung  (92;  80,  82, 
84,  86)  aufweisen,  welche  die  Ausgleichs- 
gewichte  für  eine  direkte  axiale  Bewegung  mit 
den  Omega-Ringkörpern  (44,  46)  verbinden, 
wobei  eine  Drehung  der  Ausgleichsgewichte 
mit  dem  Alpha-Körper  (16)  und  relativ  zu  den 
Omega-Ringkörpern  möglich  ist. 

3.  Getriebe  nach  Anspruch  1,  dadurch 
gekennzeichnet,  daß  der  Beta-Körper  (28)  ein 
Trägheitskräftemoment  um  eine  dritte  Achse 
erzeugt,  welche  durch  den  Achsenschnittpunkt 
(S)  und  senkrecht  zu  einer  die  erste  und  zweite 
Achse  (22,  30)  enthaltenden  Ebene  verläuft, 
daß  das  Trägheitskräftemoment  veränderlich  ist 
in  Abhängigkeit  von  der  Drehzahl  (ß)  des  Beta- 
Körpers  um  die  zweite  Achse  in  einem  festen 
Bezugssystem  und  daß  die  Ausgleichs- 
gewichte  (88,  90)  ein  Ausgleichsmoment  ent- 
gegengesetzt  zum  Trägheitskräftemoment 
erzeugen,  welches  im  wesentlichen  propor- 
tional  zu  den  Änderungen  des  Trägheitskräfte- 
moments  veränderlich  ist. 

4.  Getriebe  nach  Anspruch  1,  dadurch 
gekennzeichnet,  daß  der Alpha-Körper  (16)  Ein- 
richtungen  aufweist,  die  ein  festes  Paar  von 
Massenkonzentrationen  (76,  78)  diametral  ent- 
gegengesetzt  zu  dem  Paar  von  Berührungs- 
punkten  (P1,  P2)  bestimmen,  daß  der  Beta- 
Körper  (28)  ein  Trägheitskräftemoment  um  eine 
dritte  Achse  erzeugt,  welche  durch  den  Achsen- 
schnittpunkt  (S)  und  senkrecht  zu  einer  die 
erste  und  zweite  Achse  enthaltenden  Ebene 
verläuft,  daß  die  Größe  dieses  Trägheitskräfte- 
moments  sich  aus  einer  konstanten  und  einer 
veränderlichen  Funktion  zusammensetzt,  wobei 
dem  Teil  des  Trägheitskräftemoments,  das  sich 
aus  der  konstanten  Funktion  ergibt,  ein  erstes 
Ausgleichsmoment  entgegengesetzt  wird, 



welches  durch  das  Paar  von  Massenkonzentra- 
tionen  in  dem  Alpha-Körper  entwickelt  wird, 
und  dem  verbleibenden  Teil  des  Trägheitskräfte- 
moments,  welches  sich  aus  der  veränderlichen 
Funktion  ergibt,  ein  zweites  Ausgleichs- 
element,  welches  durch  die  beweglichen  Aus- 
gleichsgewichte  erzeugt  wird,  entgegengesetzt 
wird. 

5.  Getriebe  nach  Anspruch  1,  dadurch 
gekennzeichnet,  daß  die  Ausgleichsgewichte 
(88,  90)  vom  Alpha-Körper  (16)  für  eine  Bewe- 
gung  längs  linearer  Bewegungsbahnen  parallel 
zur  ersten  Achse  (22)  unterstützt  sind. 

1.  Appareil  de  transmission  à  variation  con- 
tinue  comportant  un  corps  alpha  (16)  monté  à 
rotation  autour  d'un  premier  axe  (22)  et 
accouplé  d'une  manière  assurant  la  transmis- 
sion  de  l'entraînement  à  un  organe  d'entrée 
(12)  de  l'appareil,  un  corps  béta  (28)  comport- 
ant  une  paire  de  surfaces  de  roulement  béta 
(35)  de  révolution  autour  d'un second  axe  (30), 
ledit  corps  béta  étant  porté  par  ledit  corps  alpha 
de  telle  sorte  que  ledit  second  axe  est  incliné 
par  rapport  audit  premier  axe  qu'il  coupe  à  un 
point  (S)  d'intersection  des  axes,  ledit  corps 
béta  étant  monté  à  rotation  autour  dudit  second 
axe  et  un  corps  oméga  (44,  46)  définissant  une 
paire  de  surfaces  de  roulement  oméga  (47)  de 
révolution  autour  dudit  premier  axe,  une  des- 
dites  surfaces  de  roulement  béta  et  oméga 
ayant  des  rayons  variables  tandis  que  l'autre 
desdites  surfaces  de  roulement  a  un  rayon  rela- 
tivement  constant,  lesdites  surfaces  de  roule- 
ment  étant  en  appui  de  frottement  les  unes 
contre  les  autres  à  deux  points  de  contact 
diamétralement  opposés  (P 1,  P2)  situés  sur  les 
côtés  opposés  dudit  point  d'intersection  des 
axes,  des  moyens  (56)  pour  régler  la  position 
desdits  points  de  contact  afin  de  faire  varier  la 
rapport  desdits  rayons  des  surfaces  de  roule- 
ment  et  la  vitesse  à  laquelle  ledit  corps  béta 
tourne  autour  dudit  second  axe,  et  une  paire  de 
contre-poids  (88,  90)  portés  par  ledit  corps 
alpha  de  façon  à  être  positionnés  en  des 
emplacements  diamétralement  opposés  des- 
dits  points  de  contact,  caractérisé  en  ce  que  les- 
dits  contre-poids  sont  portés  de  manière 
mobile,  et  en  ce  que  des  moyens  (92;  80,  82, 
84,  86)  sont  prévus  pour  régler  la  position  des- 
dits  contre-poids  conformément  aux  variations 
de  la  vitesse  de  rotation  (A)  dudit  corps  béta 
autour  dudit  second  axe  dans  un  système  de 

coordonnées  fixe  et  pour  une  vitesse  d'entrée 
donnée  quelconque. 

2.  Appareil  selon  la  revendication  1,  carac- 
térisé  en  ce  que  lesdites  surfaces  de  roulement 
oméga  (47)  sont  des  surfaces  d'anneau  ayant 
un  rayon  fixe  et  mobiles  axialement  en 
rapprochement  et  en  éloignement  l'un  de  l'autre 
et  en  ce  que  lesdits  moyens  servant  à  régler  la 
position  desdits  contre-poids  (88,  90)  compren- 
nent  des  moyens  (92;  80,  82,  84,  86) 
accouplant  lesdits  contre-poids  de  façon  qu'ils 
se  déplacent  axialement  directement  avec  les- 
dits  corps  annulaires  oméga  (44,  46)  tout  en 
permettant  la  rotation  desdits  contre-poids  avec 
ledit  corps  alpha  (16)  et  par  rapport  auxdits 
corps  annulaires  oméga. 

3.  Appareil  selon  la  revendication  1,  carac- 
térisé  en  ce  que  ledit  corps  béta  (28)  engendre 
un  couple  inertiel  autour  d'un  troisième  axe 
intersectant  ledit  point  (S)  d'intersection  des 
axes  et  perpendiculaire  à  un  plan  contenant  les- 
dits  premier  et  second  axes  (22,  30),  ledit 
couple  inertiel  variant  en  fonction  de  la  vitesse 
(/3)  de  rotation  dudit  corps  béta  autour  dudit 
second  axe  dans  un  système  de  coordonnées 
fixe  et  en  ce  que  lesdits  contre-poids  (88,  90) 
engendrent  un  couple  d'équilibrage  opposé 
audit  couple  inertiel  et  qui  varie  sensiblement 
proportionellement  aux  variations  dudit  couple 
inertiel. 

4.  Appareil  selon  la  revendication  1,  carac- 
térisé  en  ce  que  ledit  corps  alpha  (16)  com- 
prend  des  moyens  définissant  une  paire  fixe  de 
concentrations  de  masse  (76,  78)  diamétrale- 
ment  opposées  à  ladite  paire  de  points  de 
contact  (P1,  P2)  en  ce  que  ledit  corps  béta  (28) 
engendre  une  couple  inertiel  autour  d'une 
troisième  axe  intersectant  ledit  point  (S)  d'inter- 
section  des  axes  et  perpendiculaires  à  un  plan 
contenant  lesdits  premier  et  second  axes,  la 
grandeur  dudit  couple  inertiel  étant  la  combinai- 
son  d'une  fonction  constante  et  d'une  fonction 
variable,  la  partie  du  couple  inertiel  résultant 
de  ladite  fonction  constante  étant  contre- 
balancée  par  ladite  paire  de  concentrations  de 
masse  dans  ledit  corps  alpha  et  la  partie 
restante  dudit  couple  inertiel  résultant  de  ladite 
fonction  variable  étant  contrebalancée  par  un 
second  couple  d'équilibrage  engendré  par  les- 
dits  contre-poids  mobiles  (88,  90). 

5.  Appareil  selon  la  revendication  1,  carac- 
térisé  en  ce  que  lesdits  contre-poids  (88,  90) 
sont  portés  par  ledit  corps  alpha  (16)  de  façon  à 
pouvoir  se  déplacer  suivant  des  trajets  de 
déplacement  linéaires  parallèles  audit  premier 
axe  (22). 
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